Cyclic phosphatidic acid inhibits RhoA-mediated autophosphorylation of FAK at Tyr-397 and subsequent tumor-cell invasion.
We demonstrated previously that rat ascites hepatoma MM1 cells require both lysophosphatidic acid (LPA) and fibronectin (FN) for phagokinetic motility and transcellular migration and that these events are regulated through the RhoA-ROCK pathway and tyrosine phosphorylation of proteins including focal adhesion kinase (FAK). Moreover, we reported that palmitoyl-cyclic phosphatidic acid (Pal-cPA), a structural analogue of LPA, inhibits LPA-induced migration of MM1 cells and experimental metastasis of B16 murine melanoma cells. However, the molecular mechanisms of action of Pal-cPA remains to be clarified. To examine this, total cellular lysates after stimulation with LPA or FN were subjected to time-course immunoblot analysis with anti-phophotyrosine and anti-pY397-FAK antibodies. Tyrosine-phosphorylation of FAK especially at Tyr-397 was obviously persistent after stimulation with LPA + FN compared to after stimulation with LPA alone. This persistent phosphorylation was necessary for MM1 cell migration and inhibited by Pal-cPA as by C3 exoenzyme Rho inhibitor. RhoA activity (GTP-bound RhoA) was also measured by the pull down assay using the Rho binding domain of Rhotekin. LPA-induced RhoA-activation of MM1 cells was completely inhibited by Pal-cPA. Moreover, we demonstrated that autophosphorylation of FAK at Tyr-397, downstream of RhoA, contributed to formation of focal adhesions and was critical in LPA-induced MM1 cell migration by developing autophosphorylation-deficient (Y397F) FAK-transfectants. Collectively, Pal-cPA hampered LPA-induced morphological changes and transcellular migration of MM1 cells through downregulating active RhoA and inhibiting its downstream events including autophosphorylation of FAK. Pal-cPA also inhibited endogenous (LPA-independent) activation of RhoA in human fibrosarcoma HT-1080 cells. Pal-cPA may potentially provide a new therapy for the treatment of cancer invasion and metastasis.